compatibility, bioactivity and osteoconductivity as well as its similarities to the main mineral component of bone. However, the poor compressive strength and fatigue failure limits its applicability to the low or non load-bearing sites in human body [4, 5] . Additionally, it has been reported that HA in the form of powders, used for the treatment of bone defects, has problem associated with migration to places other than implanted areas. It is known that various biocomposites existing in nature, such as shells and pearls, are all organic/inorganic composites with good mechanical properties, which may provide a route to resolve the above problems. Extensive research has been carried out in this regard and composite materials based on HA and a variety of polymers have been worked out [6] . Among them, hydroxyapatite is frequently used in orthopedic, dental and maxillofacial applications, meaning that it supports bone growth and osteointegration [7] [8] [9] . The development of bonelike composites with enhanced biocompatibility calls for a biomimetic approach using natural bone as a guide. Natural bone is a composite of collagen, a proteinbased hydrogel template, and carbonated apatite crystals with varying compositions and microstructures. The unusual combination of a hard inorganic material and an underlying elastic hydrogel network gives bone, unique mechanical properties, such as low stiffness, resistance to tensile and compressive forces, and high fracture toughness [10] . Gelatin is a natural biopolymer obtained as a hydrolysis product of collagen, which is a fibrous protein, found abundantly in the animal kingdom in the form of hides, skins, bones and connective tissues. This natural water-soluble biopolymer has to its credit a large number of applications in pharmaceuticals, medicine, food and other allied fields [11] . However the hydrogels based on Polyacrylamide (PAm) have been widely used in drug release system, membranes for dialysis, oxidation devices, fixation of chemical enzymes etc. [12, 13] . Authors are interested in a 'bottom-up' approach to the design and synthesis of artificial bone. This entails the design of simple model system with well-designed chemical, physical, and biological properties, followed by an iterative increase in complexity of the system to realize a higher -order approximation of natural bone . In the present study crosslinked PAm-gelatin-HA composites have been synthesized using sedimentation approach.
Furthermore structural characterization, blood compatibility tests were also carried out. These results provide a framework for generating synthetic composites with defined organic/inorganic interfaces similar to natural bone.
Materials and methods
Calcium hydroxide Ca(OH) 2 was purchased form E. Merck and used as received. Orto-phosphoric acid (-H 3 PO 4 , 88-93%), was purchased from Qaligens Fine Chemicals. Acrylamide (E. Merck, India) was freed from inhibitor after recrystallizing it twice from methanol and drying over anhydrous silica for a week. Gelatin purified was received from E. Merck, India. MBA (N,N-methylene bisAcrylamide) were purchased from central drug house Mumbai (India). KPS (Potassium persulphate), obtained from Loba chemicals India, was employed as a polymerization initiator.
Synthesis of HA
HA was synthesized by the slow addition of 0.6 M H 3 PO 4 to an aqueous suspension of 1.0 M Ca(OH) 2 under constant heating at 150°C in N 2 atmosphere as per the method reported in literature [14] . In order to obtain uniform size crystals of HA the pH of the reaction mixture was strictly controlled i.e. during addition of solutions the pH was maintained in the range of 11-12 while after washing off the powder the pH was below 9.
Preparation of PAm-gelatin-HA composites
PAm-gelatin-HA composites were prepared by free radical polymerization of acrylamide in the immediate presence of a crosslinker (MBA) and HA taken in pre-calculated amounts. In a typical experiment, 0.5 g of gelatin was dissolved into 15 ml of distilled water followed by the addition of 28.13 mM of Am, 3.0 g of HAp, 0.129 mM of MBA and 0.073 mM of KPS as free radical initiator. The whole reaction mixture was homogenized by manual mixing and poured into rectangular glass moulds of definite size (25 mm × 25 mm × 10 mm). The mould containing the reaction mixture was kept at 70°C for 4 h, then the upper polymer layer was separated from the lower slab which was a white solid composite of PAm, gelatin and HA. The composite was then purified by immersing it in distilled water so as to allow the composite to swell till equilibrium. In this way the unreacted monomer and other reagents were leached out from the composite thus purifying the prepared PAmgelatin-HA composite. The swollen soft composite was cut into desired shape, dried at 70°C for 24 h and then kept in air-tight containers.
Characterization

FTIR-studies
IR studies of the powdered specimens were recorded on a FTIR-8400S, Shimadzu spectrophotometer. Prior to analysis KBr pellets were prepared by mixing 1:10 of sample: KBr (wt/wt) followed by uniaxial pressing the powders under vacuum. Spectra were obtained between 4400-450 cm -1 at 2 cm -1 resolution.
XRD-studies
The XRD apparatus (Philips PW 1820) powder diffractometer, was used to investigate the crystallinity and phase content of PAm-gelatin-HA composites. The diffraction data were collected from 2 to 60°, 2°θ values with a step size of 0.02°a nd counting time of 2 s·step -1 at λ i.e. 1.54 Å.
TGA
To evaluate thermal stability of the PAm-gelatin-HA composites, TGA was performed on MET-TLER TA 3000 instrument in the temperature range of 50-800°C, in nitrogen atmosphere at a heating rate of 10°C·min -1 . The sample weights were in the range of 15-20 mg.
Microscopy study
An approximate idea of the morphology of composites was deduced by using Optical microscope, MIOTIC DIGITAL MICROSCOPE DMWB-series. In order to study the morphology of the prepared composites SEM was carried out on STEREO SCAN, 430, Lecica SEM, USA.
Mechanical testing
Compression tests (dry test) were performed using an Universal Testing Machine (Instron series IX) possessing a load cell of 5 kN, at room temperature. The gauge length and diameter of all specimens were 6 mm and 2 mm respectively. Tests were conducted with a constant strain rate of 1 mm·min -1 , and up to failure or until 60% reduction in specimen height. The modulus (E) was determined by linear regression from the slopes in the initial elastic portion of the stress-strain diagram. A minimum number of 10 specimens were tested, and then E was averaged from the 5 measurements.
Swelling studies
The extent of swelling was determined by a conventional gravimetric procedure as reported in literature [15] . In a typical experiment, preweighed pieces of PAm-gelatin-HA composites were allowed to swell in distilled water for a predetermined time period (up to equilibrium swelling), thereafter the pieces were taken out from the water and gently pressed in-between the two filter papers to remove excess of water and finally weighed using a sensitive balance. The swelling ratio was determined by the Equation (1):
(1)
Porosity determination
The apparent porosity of a porous scaffold can influence its mechanical strength, permeability, and presence of structural defects [16] .The porosity was determined by the method reported in literature [17] . In brief, the known volume and weight of the samples noted as V 0 and W 0 respectively. After that samples were immersed into the dehydrated alcohol for 48 h till absorbing dehydrated alcohol saturated the samples. The weight gained by the sample is measured as W 1 . Finally the porosity (P) of the open pores in the composites were evaluated using formula given in Equation (2): where ρ is the density of the dehydrated alcohol.
Blood compatibility
A biomaterial is a substance used in medical devices for contact with the living body for the intended method of application and for the intended time period. To acquire biocompatibility, the materials used in medical applications must meet certain regulatory requirements. The surface of biomaterials is believed to play an important role in determining biocompatibility. For materials that come into contact with blood, the formation of clot is the most undesirable but frequently occurring event that restricts the clinical acceptance of a material to be used as biomaterial. Therefore, certain test procedures have been developed and they need to be employed to judge the haemofriendly nature of materials.
Clot formation tests
The anti-thrombogenic potential of the composite surface was judged by the blood-clot formation test, as described elsewhere [18] . In brief, the specimens were equilibrated with saline water (0.9% w/v NaCl) at 37°C for 24 h in a constant temperature bath. To these swollen samples was added 0.5 ml of ACD blood followed by the addition of 0.03 ml of CaCl 2 solution (4 mol·l -1 ) to start the thrombus formation. Adding 4.0 ml of deionized water stopped the reaction and the thrombus formed was separated by soaking in water for 10 min at room temperature and then fixed in 36% formaldehyde solution (2.0 ml) for another 10 min. The fixed clot was placed in water for 10 min and after drying its weight was recorded. The same procedure was repeated for glass surface, blood bags and for the composites of varying compositions and respective weights of thrombus formed was recorded.
% Haemolysis tests
Haemolysis experiments were performed on the surfaces of prepared PAm-gelatin-HA composites as described elsewhere [19] . In a typical experiment, dry composite pieces (4 cm 2 ) were equilibrated in normal saline water (0.9% w/v NaCl) at 37°C for 24 h and human ACD blood (0.25 ml) was added into the composites after 20 min 2.0 ml of saline water was added into the specimens to stop haemolysis and the samples were incubated for 60 min at 37°C. Positive and negative controls were obtained by adding 0.25 ml of human ACD (acid citrate dextrose) blood and 0.9% NaCl respectively to 2.0 ml of doubly distilled water. Incubated samples were centrifuged for 45 min, the supernatant was taken and its absorbance at 545 nm was recorded using a spectrophotometer. The percentage of haemolysis was calculated using the following relationship, given in Equation (3): (3) where A is absorbance. The absorbance of positive and negative controls was found to be 1.73 and 0.048, respectively.
Protein (BSA) adsorption
Adsorption of BSA onto the composite materials was performed by the batch contact process reported elsewhere [20] . For protein adsorption experiment, protein (BSA) solutions were prepared in 0.5 M PBS (Phosphate buffer saline) at physiological pH 7.4. A fresh solution of BSA was always prepared prior to adsorption experiments. The composite of definite weights were equilibrated with PBS for 24 h. The adsorption was then carried out by gently shaking a BSA solution of known concentration containing preweighed and fully swollen composites. By taking fully swollen samples, the possibility of soaking of BSA solution within the composite becomes minimum. Shaking was performed so gently that no froth was produced, otherwise BSA would adsorb in air-water interface. After a definite time period, the samples were removed and the adsorbed protein was assayed for the remaining concentration of BSA by recording the absorbance at of protein solution at 272 nm on a UV spectrophotometer (Systronics, model no. 2201, India).
Platelet adhesion test
A piece of composite of definite composition was incubated in platelet rich plasma (PRP) at 37°C for 6 min. The blood was obtained from a healthy donor and PRP was separated by automated aphaere- sis. After incubation, the material was fixed in 2.5% gluteraldehyde aqueous solution for 10 min and kept in a 70% ethanol solution in order to avoid dehumidification and microorganism proliferation. The amount and morphology of adhered platelets were analyzed by SEM [21] .
Results and discussion
FTIR-studies
The FTIR spectra of native HA sintered at 70°C is shown in Figure 1a which clearly shows peaks at 602, 962, 1035 cm -1 , corresponding to PO 4 -3 ion
[22] and a small and sharp band observed at 3572 cm -1 , corresponds to the stretching mode of -OH group, which is characteristic of hydrated calcium phosphate such as HA [23] . A weak peak observed at 876 cm -1 and strong peak at 1450 cm -1 corresponds to the stretching vibration of CO 3 2- ions. These observations confirm that HA crystals were prepared, partially substituted by -CO 3 2-groups. Therefore, HA crystals are CO 3 2-containing HA [24] . Also the broad bands at about 3200 and 2800 cm -1 , correspond to the absorbed hydrate and the sharp medium and short peaks between 3570-3670 cm -1 belong to the stretching vibrations of lattice OH -ions of hydroxyapatite [25] . It has been reported that the FTIR spectra of PAm where peaks at about 3298, 3184 and 1660 cm -1 showed the presence of primary amide (-NH stretching vibration) group and peaks near about 1595 and 1429 cm -1 corresponding to C=O asymmetric stretching vibration [26] . Gelatin being a protein, has been reported to contain the characteristic amide absorption bands at about 1690 and 1530 cm -1 [27] . The FTIR spectra of PAm-gelatin-HA composite is shown in Figure 1b , which contains all the characteristic absorption peaks of HA, PAm and gelatin. As there are no considerable shifts of peaks of any group in the composite spectrum, it is confirmed that PAm-gelatin-HA composite is only a mixture and no chemical reaction has taken place between the individual components.
XRD studies
The XRD pattern of the synthesized native HA is shown in Figure 2a peaks due to crystal growth alternatively calcium carbonate peak at 2θ value of about 29° present together with apatite phase. However , the β-tricalcium phosphate (β-Ca 3 P 2 O 7 ) phase was not detected at any temperature. Also, the CaO peaks at 37.469 and 54.029° were not detected. The accompanying two peaks at about 32.22 and 32.23° of equal intensities were also detected which clearly confirm the presence of well crystallized HA phase [28] . The mean grain size was calculated using Debye-Scherrer formula [29, 30] as shown in Equation (4): (4) where d is mean grain size, k is the shape factor (0.9), β is broadening of the diffraction angle and λ is diffraction wavelength (1.54 Å).The estimated average grain size of HA was found to be 6.53 nm and the width was found to be 1.278 nm. Figure 2b shows the XRD spectra of PAm-gelatin-HA composite with slight broadening of the apatite peaks showing the decrease in crystallinity of HA because of incorporation of polymer. The spectrum also shows a XRD peak at about 31.99° (2θ) indicating well crystalline nature of hydroxyapatite even in composite state.
TGA analysis
In order to evaluate thermal stability and understand the phase transformation in the prepared samples, the TGA studies were performed in the range 50 to 800°C and the results are shown in Figure 3 . It is clear from the thermogram of native HA (Figure 3a) that the weight of the sample decreases quickly with increasing temperature and about total 66% weight loss is observed. The obtained weight loss is possibly due to evaporation of water. The obtained TGA results were further confirmed by a simple experiment that involved heating the composite of known initial weight in an oven in the temperature range 50 to 800°C. After heating was over the weight of composite was recorded and a weight loss of about 66% was noticed. It is revealed by the data that the weight loss that occurred at about 580 and 620°C could be attributed to the decomposition of trace CO 3 2-ions [31] . The exothermic dissociation of CO 3 2-is reported to occur at the temperature range between 500 to 890°C in nitrogen atmosphere. Figure 3b corresponds to the thermogram of PAm-gelatin-HA composite where initial weight loss from 50 to 200°C may be due to the evaporation of surface adsorbed water molecules and the quick weight loss from about 300 to 600°C may be due to the endothermic dissociation of CO 3 2-ions [32] . Furthermore, the TGA of natural compact bone shown in Figure 3c , may also be compared with that of prepared composite and a fair resemblance may be noticed.
Microscopy study
In order to study the morphology of the prepared composites and adhesion of platelets OPM study has been performed as shown in Figure 4a and 4b, respectively. The comparison of both the images indicates a change in surface of the composite material after the addition of platelets.
Since the morphology of a biomaterial contributes significantly to its biocompatibility and considering this important aspect, the morphology of the surface has been examined by recording SEM of the PAm-gelatin-HA composite. The SEM images of the composites are shown in Figure 5 , which clearly shows that the composite surface is highly porous in nature. The size of the pores varies in the range 3 to 20 µm as indicated by arrows in the same figure. 
Mechanical testing
Swelling behavior of composite
One of the prime factors to contribute to biocompatible nature of synthetic biomaterials is the amount of water content which imparts several unique physiochemical properties to the material. A polymer matrix imbibing an adequate of water, shows living tissue like membrane, physiological stability, low interfacial tension, permeability to biomolecules etc. Thus realizing the unusual significance of water sorption capacity of a material, the PAm-gelatin-HAp composites have been investigated for water sorption capacity and the influence of chemical composition of the composites on their water intake has been investigated as discussed below.
Effect of Am
The influence of Am content of the composite on its swelling behavior has been studied by varying its concentration in the range 14.06 to 56.27 mM.
The observed results are shown in Figure 6a which clearly indicate that the swelling ratio constantly increases with increasing amount of PAm.The observed results are quite expected as PAm is a highly hydrated polymer and its increasing content in the composite makes it more hydrophilic in nature which eventually results in an enhanced swelling.
Effect of gelatin
The effect of gelatin on the swelling ratio of the hydrogel was investigated by varying the concentration of gelatin in the range 0.5 to 2.0 g in the feed mixture of the composite. The results are shown in Figure 6b which clearly reveal that the swelling ratio constantly increases with increasing concentration of gelatin up to 2.0 g. It is to be mentioned here that beyond this concentration the feeding mixture becomes too viscous to form the composite. The observed results may be explained by the fact that, since gelatin itself has a natural tendency to form reversible gel, its increasing pressure in PAm-gelatin-HAp mixture lowers the weight fractions of HA and PAm in the feed mixture. In this way a lower degree of crystallinity results in an enhanced swelling. Gelatin is a hydrophilic polymer and its increasing concentration in the feed mixture increases water sorption capacity of composite.
Effect of hydroxyapatite
Impregnation of hydroxyapatite into the polymer matrix brings about a significant change in water sorption behavior and mechanical properties of the matrix. In order to obtain the effect of HA on the swelling ratio of the composite, the concentration of the HA was varied in the range 1.0 to 4.0 g in the feed mixture. The results are shown in Figure 6c , which clearly reveal that the swelling ratio constantly decreases with increasing HA content in the composite. The results are quite expected and may be explained by the fact that due to relatively lower hydrophilicity of the apatite in comparison to PAmgelatin matrix, its increasing fraction in the com- posite results in a lower water sorption by the composite. Alternatively, the increasing polymer-HA interaction with increasing concentration of HA results in a slower relaxation of polymer chains, which also decreases the swelling ratio.
Effect of crosslinker
One of the effective ways to modify the water sorption behavior of a polymer matrix is to employ varying amounts of crosslinking agent at the time of polymerization reaction. The addition of a crosslinker not only enhances the degree of crosslinking but also increases the glass transition temperature (T g ) of the polymer. In the present study the effect of crosslinker content of the composite on its swelling ratio has been studied by varying its concentration in the range of 0.064 to 0.259 mM. The results are shown in Figure 6d reveal the fact that with the increasing content of MBA in the feeding mixture the crosslink density of the network increases [37] which results in higher crosslink density of the network. This obviously slows down the diffusion of water molecules into the composite and eventually results in a fall in water intake [38] .
Network parameters
One of the most important structural parameters characterizing a crosslinked density is the average molecular mass between crosslinks (M c ), which is directly related to the crosslink density. The magnitude of M c significantly affects the physical and mechanical properties of crosslinked polymers, and its determination has great practical significance. Eqilibrium swelling is widely used to determine M c . Early research by Flory and Rehner laid the foundation for the analysis of equilibrium swelling. According to the theory of Flory and Rehner, for a perfect network (Equation (5)):
where in Equation (5) , V s is the volume fraction of polymer in the swollen gel and χ is the Flory and Huggins interaction parameter between solvent and polymer. The swelling ratio is equal to 1/V s . Here the crosslink density q is defined as the mole fraction of crosslinked units, as shown by Equation (6): (6) where M 0 is the molar mass of the repeating unit. Some authors defined a crosslink density, V e , as the number of elastically effective chains totally included in a perfect network per unit volume, simply related to q since, as given by Equation (7),
where N A is Avogadro's number. The density of polymer d p was determined to be 0.65 g·cm -3 .
Other parameters such as v 1 and χ were taken from the literature . Using Equations (5)- (7) the values of M c , q, and V e have been calculated for the varying compositions of PAm-gelatin-HA composites [39] . The values are summarized in Table 1 . 
Percent porosity
Porosity characterization is based on the presence of open pores, which are related to properties such as permeability, and surface area of the porous structure. The measured porosity of the PAm-gelatin-HA composites is given in Table 2 , which reveals the fact that as the amount of crosslinker is increased in feed mixture porosity becomes low, the results are quite obvious since increased number of crosslinks make polymer network more compact which results in the lower mesh size and decreased porosity. It was found that the addition of HA results in more dense and thicker pore walls with lower porosity [40] as shown in Table 2 . However the decrease in porosity observed as the amount of polymer like PAm is increased in feed mixture is mainly due to the increase in the HAP/polymer ratio in the dispersed phase which in turns improves the sintering and porosity reduction [41] . As we increase the amount of gelatin in feed mixture porosity increases, this may be explained on the basis of the fact that gelatin is a hydrophilic polymer and during the formation of matrix it lets the polymer network to swell in greater amount, which in turns results in greater pore size within the network and after the drying of the matrix, it yields greater porosity.
Blood compatibility
Blood compatibility of a material is intimately related to various intrinsic factors such as organization of water molecules in the polymer matrix, chemical architecture and topology of the surface etc. In the present study also various in vitro tests were applied to observe the blood compatibility of the prepared PAm-gelatin-HA composite. The results are shown in Table 3 , which may be discussed as below: When the concentration of crosslinker is raised in the range 0.064 to 0.259 mM, the amount of blood clot formed increases with increasing MBA content in the composite. The results summarized in Table 3 also reveal that both the percent haemolysis and protein adsorption also increase with increasing MBA content. The results obtained are consistent with each other and suggest that the composite shows decreasing blood compatibility with increasing number of crosslinks. The results may be explained by the fact that since MBA is a hydrophobic crosslinker, its increasing content results in greater protein-surface interaction and, therefore, shows more clot formation and percent haemolysis.
The results reveal the fact that the weight of blood clot constantly decreases with increasing amount of PAm and gelatin in the feed mixture. The results may be explained on the basis of the fact that both PAm and gelatin are hydrophilic polymers and therefore, are not expected to provoke any damage to blood cells or any change in the structure of the plasma proteins. It has also been realized that with increasing concentrations of PAm and gelatin, the composite acquires more smoothness of their surfaces and this consequently results in an improvement in antithrombogenic property of material. The prepared composites were tested for haemolytic activity and the results obtained are quite satisfactory. Percent haemolysis is maximum (100%) for a distilled water-water-added blood sample (positive control). The results obtained clearly indicate that, with increasing PAm and gelatin content, the extent of haemolysis steadily decreases. The observed results may be attributed to the reason that, with the increase in PAm and gelatin weight fractions in the composite, the surface composition favorably changes, which improves the blood -compatible quality of the material. One of the essential components of the composite is HA and its concentration in the composite is expected to influence blood compatibility of the matrix. In order to examine this the concentration of HA powder was varied in the range 1.0 to 4.0 g and blood compatibility parameters were evaluated. The data summarized in Table 3 reveal that with increasing HA content, the blood compatibility of the composite shows a decrease, i.e. all the three parameters increase. The reason for the observed more thrombogenicity is that the ionic groups of HAp may react with the blood components and produce greater blood-surface interactions. This is likely to cause thrombogenic behavior of the composite. The above discussion clearly suggests that a less crosslinked composite with more PAm-gelatin and low HAp content may prove to be more biocompatible.
Conclusions
Nanosized hydroxyapatite powder is obtained by the hydrothermal method and the free radical polymerization of acrylamide in presence of HA and gelatin forms a nanocomposite material. The HAcomposites when examined by FTIR spectroscopy clearly show the presence of HA and polymer components in the composite. The XRD studies also confirm the nanosized mean grain size of the HA powder in native state as well as in composites. Thermal properties of the material assigned by TGA analysis, meet the thermal requirements of these types of materials. The optical microscopy and SEM studies reveal the morphological anisotropy of the material. Swelling studies show the effect of composition on the swelling. It is found that as the PAm and gelatin contents increases, the swelling ratio also increases. The extent of swelling decreases with increasing amounts of HA and crosslinker. The PAm-gelatin-HA composite also display a fair level of blood compatibility as confirmed by in vitro experiments of blood clot formation, protein adsorption and haemolysis. It is clear by the data, as we increase the amount of crosslinker in the feed mixture in the range 0.064-0.259 mM, the amount of clot formation increases. Similar type of results are observed when the amount of HA increases in the feed mixture of the composite. In case of polymers as the amounts of PAm and gelatin increase in composite mixture degree of blood clot formation decreases due to the increased swelling of composite. Percentage haemolysis tests for haemolytic activity of composites indicate that as the content of crosslinker and HA increases in feed mixture percent of haemolysis also increases. The observed results are consistent with blood clot formation test results and conclude that a material surface showing reluctance to BSA adsorption proves to be more biocompatible. BSA absorption results also show the similar type of trends as those of percentage haemolysis and clot formation results.
